Learning pointsVentricular diverticula are rare (∼0.2%) and more common in the left ventricle. At times (∼30%) they are isolated incidental findings, but can be associated with congenital cardiac abnormalities, such as ventricular septal defect, tetralogy of Fallot, or tricuspid atresia.Ventricular diverticulum may be associated with pentalogy of Cantrell which is a syndrome comprising of congenital anomalies of the thoracic and abdominal midline, diaphragmatic and sternal defects, and partial absence of the inferoapical pericardium and it should be considered while investigating such cases.

Introduction
============

Congenital ventricular diverticulum is a rare cardiac anomaly with a reported incidence of 0.013--0.016%.[@ytz081-B1]^,^[@ytz081-B2] It can be found anywhere in the right or left ventricular wall; commonly in the apex and perivalvular region. Right ventricular diverticulum (RVD), however, is an extremely rare condition with fewer than 20 cases reported in the literature.[@ytz081-B3]^,^[@ytz081-B4] Right ventricular diverticula can occur as an isolated anomaly or be associated with other congenital cardiac anomalies or be a part of pentalogy of Cantrell which is associated with midline abdominal wall or sternal defects, deficiency of anterior diaphragm or diaphragmatic pericardium, and congenital cardiac anomalies.[@ytz081-B5] We report a rare case of multiple RVD associated with constrictive pericarditis and heart failure. Our report highlights the diagnostic imaging features of RVD along with its associated anomalies and a brief literature review.

Timeline
========

                                       Presentation                                      Investigations                                            Findings
  ------------------------------------ ------------------------------------------------- --------------------------------------------------------- --------------------------------------------------------------------------------------------------
  8 years prior to current admission   Fever of unknown origin                           Computed tomography (CT) thorax, abdomen, and pelvis      Abdominal lymphangioma and right ventricular outpouching
  1 year prior to current admission    SOB, leg swelling, and inability to lose weight   CT thorax, abdomen, and pelvis                            Right ventricular diverticulum, pericardial thickening and calcification, and hepatic congestion
  Current admission                    Breathlessness and ascites                        Echocardiography and cardiac magnetic resonance imaging   Constrictive pericarditis and features of right heart failure

Case presentation
=================

A 53-year-old male Caucasian patient was incidentally diagnosed with multiple right ventricular outpouchings (RVOs) 8 years ago, when he was investigated for fever of unknown origin. Computed tomography (CT) scan of his chest and abdomen showed abdominal lymphangioma (*Figure [1](#ytz081-F1){ref-type="fig"}A*), ascites (*Figure [1](#ytz081-F1){ref-type="fig"}B*), and a RVO (*Figure [1](#ytz081-F1){ref-type="fig"}C*) measuring 3 × 2.5 cm. His abdominal lymphangioma was resected surgically and he did not undergo chemo or radiotherapy. Right ventricular outpouching was left alone without any intervention for observation and monitoring over time. An anterior abdominal wall hernia (*Figure [1](#ytz081-F1){ref-type="fig"}D*) was also noticed, probably a forme fruste of Cantrell syndrome. The patient developed shortness of breath, leg swelling and was unable to lose weight 7 years post-surgery. Physical examination was equivocal, and he had a repeat CT scan for chest and abdomen which revealed multiple RVOs and eccentric foci of pericardial calcification near the neck of the largest RVD but also over the left ventricle AV groove and basal lateral wall (*Figure [1](#ytz081-F1){ref-type="fig"}E*). Furthermore, features of fluid overload such as diffuse oedema of abdominal wall (*Figure [1](#ytz081-F1){ref-type="fig"}F*), *misty mesentery*, mild to moderate ascites, hepatic congestion, nodularity, and prominent splenic vessels were also noted.

![First, computed tomography scan 8 years ago: Arrows depict (*A*) abdominal lymphangioma; (*B*) ascites; (*C*) RV diverticulum; (*D*) anterior abdominal wall defect---second computed tomography scan 1 year ago; (*E*) diverticula and pericardial calcification; and (*F*) abdominal wall oedema.](ytz081f1){#ytz081-F1}

On his latest admission with shortness of breath, abdominal distension and ascites, echocardiography demonstrated supranormal, early diastolic tissue velocities with average of 19.8 cms^−1^, and a septal bounce phenomenon on m-mode imaging (*Figure [2](#ytz081-F2){ref-type="fig"}*) suggesting constrictive physiology which triggered a cardiac magnetic resonance imaging (CMR) referral.

![Echocardiography: (*A*) supranormal tissue velocities; and (*B*) septal bounce phenomenon.](ytz081f2){#ytz081-F2}

Cardiac magnetic resonance imaging viability scan with gadolinium contrast demonstrated multiple (at least four) diverticula along right ventricular (RV) free wall (*Figure [3](#ytz081-F3){ref-type="fig"}A*)---the largest measuring 4.5 × 2 cm with a sizeable neck (*Figure [3](#ytz081-F3){ref-type="fig"}B*) and at 1.5 cm from the tricuspid valve annulus. Another smaller diverticulum (9 mm) was seen just apically from the first and the third further close to the true RV apex. In the right ventricular outflow tract view (*Figure [3](#ytz081-F3){ref-type="fig"}C*), the larger diverticulum was located to the acute RV angle and the fourth diverticulum was found in the free RV wall just beneath the pulmonary valve. All these outpouchings had displayed either a trabecular network *Figure [3](#ytz081-F3){ref-type="fig"}D*) and/or a contractile behaviour that favoured the diagnosis of diverticula as opposed to aneurysms ([Supplementary material online](#sup1){ref-type="supplementary-material"}, *Videos S1--S3*). First pass perfusion depicted a direct contrast communication into the diverticula without evidence of extravasation into the pericardial space (*Figure [3](#ytz081-F3){ref-type="fig"}E* and [Supplementary material online](#sup1){ref-type="supplementary-material"}, *Video S4*). Late gadolinium enhancement revealed localized epicardial type of hyperenhancement over the left ventricular (LV) lateral wall segments (*Figure [3](#ytz081-F3){ref-type="fig"}F*) corresponding to areas of decreased signal intensity on T1 mapping mimicking pericardial pocket formation (*[Figure 3](#ytz081-F3){ref-type="fig"}G* and *H*). RV function was moderately compromised, whereas LV function was preserved (*[Table 1](#ytz081-T1){ref-type="table"}*).

![Gadolinium contrast enhanced cardiac magnetic resonance imaging: Arrows depict (*A*) still frame from cine sequence---multiple diverticula, (*B*) STIR BB image---neck of the diverticulum (*C*) right ventricular outflow tract view larger diverticulum at acute right ventricular angle and smaller diverticulum just beneath the pulmonary valve; (*D*) T1 BB image---trabecular network; (*E*) first pass perfusion---simultaneous filling of the diverticulum; (*F*) late gadolinium enhancement revealed localized pericardial and epicardial type of hyperenhancement over the left ventricular lateral wall segments; (*G*) T1 maps pre-contrast; (*H*) T1 maps post-contrast (decreased T1 values).](ytz081f3){#ytz081-F3}

###### 

Volumetric analysis corrected for body surface area of 2.1 m^2^

  CMR                          Right ventricle                      Left ventricle
  ---------------------------- ------------------------------------ ----------------------------------
  Ejection fraction (EF)       34% (49--73%)                        62% (59--83%)
  End diastolic volume (EDV)   174 mL or 83 mL/m² (67--111 mL/m²)   95 mL or 47 mL/m² (53--97 mL/m²)
  End systolic volume (ESV)    114 mL or 54 mL/m² (20--48 mL/m²)    36 mL or 17 mL/m² (10--34 mL/m²)
  Stroke volume (SV)           60 mL or 28 mL/m² (39--71 mL/m²)     59 mL or 28 mL/m² (37--69 mL/m²)

A diagnosis of right heart failure with constrictive physiology was made based on the presence of RV diverticula, progressive pericardial thickening and calcification, and moderately compromised RV function. The patient was medically managed with loop diuretics and spironolactone---later replaced with eplerenone due to side effects. He is scheduled for periodic surveillance.

Discussion
==========

Cardiac diverticulum is a condition, which was not known until early 18th century when O'Bryan first described it in his work; 'The anomalies of the human heart'. Its reported incidence, in association with Cantrell's pentalogy, is 5.5 per million live births. Recent limited autopsy series have implied left ventricular diverticulum to have an incidence of 0.4%,[@ytz081-B6] whereas a CT series have documented a frequency of 2.2%.[@ytz081-B7] Ventricular diverticulum can be differentiated from ventricular aneurysm due to presence of a muscle layer, usually a narrow neck and synchronous contractility with the rest of the ventricle.[@ytz081-B8] A ventricular aneurysm being composed of only two layers, has a wide neck and may exhibit variable contractility ranging from akinesia to dyskinesia i.e. paradoxical expansion during systole and dyssynchronous contraction (reflecting elastic recoil of neighbouring myocardium) ([*Table 2*](#ytz081-T1){ref-type="table"}). Aneurysms are often located apically and are associated with thromboembolism. Congenital diverticula are considered to ensue following any antenatal ischaemic or infective insult; leading to weakening of the myocardium. However, increased ventricular pressures in constrictive pericarditis can also trigger the formation of a diverticulum and/or its subsequent expansion in later adult life. Contrarily, aneurysms are caused or associated by acute myocardial infarction, arrhythmogenic RV dysplasia, acute myocarditis, iatrogenic injury, and trauma.

###### 

Differences between cardiac diverticula and aneurysms

                  Diverticulum                       Aneurysm
  --------------- ---------------------------------- ------------------------------------------------
  Size            Small                              Large
  Wall            Muscular                           Fibrous
  Neck            Variable, narrow                   Wide
  Appearance      Trabeculated                       Smooth
  Calcification   Pericardial calcification          Thinned aneurysmal wall calcification
  Contractility   Synchronous                        Paradoxical, dyskinesia, and akinesia
  Location        Apical and subvalvular             Apical and anterolateral
  Cause           Mostly congenital                  Mostly acquired
  Complications   Pericarditis and cardiac failure   Thrombus, thromboembolism, and cardiac failure

Cardiac outpouchings (encompassing diverticula and aneurysms) are associated with conotruncal anomalies, annulus fibrosus, isolated ventricular septal defect, pericardial effusion, and midline thoracic and abdominal defects of the pentalogy of Cantrell. In 30% of cases, ventricular diverticulum can be an isolated finding.[@ytz081-B9] So far, only one case has been published regarding RV diverticulum associated with constrictive pericarditis[@ytz081-B10] and this is the second case; in which, the patient developed RV dysfunction and constrictive physiology over the time along with hepatic manifestations and portosystemic shunt. However, his left ventricular function was preserved.

Patients with ventricular diverticula can remain asymptomatic throughout their lives. Conversely, they may present as pericardial effusion which usually resolves spontaneously in the absence of any haemodynamic impairment, arrhythmias, congestive cardiac failure, and rupture of the diverticulum with haemopericardium and haemodynamic compromise. In foetal life, large diverticula associated with pericardial effusion may lead to pulmonary hypoplasia.[@ytz081-B4]

Right ventricular diverticula can be an incidental finding which can also be diagnosed on antenatal scanning; until recently six cases have been reported on antenatal scanning.[@ytz081-B11] The accuracy of CMR has been reported up to 93% in differentiating constrictive from restrictive cardiomyopathy.[@ytz081-B10] On echocardiography, supranormal early diastolic tissue velocities \>8 cm/s are 95% sensitive and 96% specific of constriction.[@ytz081-B12] Calcification associated with constrictive pericarditis is better depicted with CT scan.

Management of patients with RVD varies to great extent and depends upon clinical presentation. Their resection and myocardial augmentation with pericardial fat is advocated to avert the risk of rupture and haemopericardium if these are diagnosed in early life. However, incidental diagnosis in adult life mandates long-term follow-up.[@ytz081-B13]

Incidence of RV diverticulum is anticipated to rise due to increased availability of CMR for routine imaging both at national and international levels. Although, some work has been conducted in recent years to evaluate its incidence on cross-sectional imaging and postmortem studies, further research is required to assess its true incidence and its impact on patients with compromised cardiac function.

Conclusion
==========

Ventricular diverticula can be diagnosed incidentally on cross-sectional imaging. However, their precise characterization and depiction of associations/complications warrant functional imaging.
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